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Description 

BACKGROUND OF THE IN VbN HON - — 

5 [0001] Many individuals suffer from heart disease caused by a partial blockage of the blood vessels that supply the 
heart with nutrients. More severe blockage ot blood vessels in such individuals orteri ieacis lu hypci ienolu», ioCu^nic 
injury, stroke, or myocardial infarction. Typically vascular occlusion is preceded by vascular stenosis resulting from irrti- 
mal smooth muscle cell hyperplasia. The underlying cause of the intimal smooth muscle cell hyperplasia is vascular 
smooth muscle injury and disruption of the integrity of the endothelial lining. The overall disease process can be termed 

10 a hyperprolrferattve vascular disease because of the etiology of the disease process. Intimal thickening following arterial 
injury can be divided into three sequential steps: 1 ) initiation of smooth muscle cell proliferation fdlowmg vascular 
injury, 2) smooth muscle cell migration to the int'ma, and 3) further proliferation of smooth muscle ceils in the irrtima with 
deposition of matrix. Investigations of the pathogenesis of intimal thickening have shown that, following arterial injury, 
platelets, endothelial cells, macrophages and smooth muscle cells release paracrine and autocrine growth factors 

75 (such as platelet derived growth factor, epidermal growth factor, insulin-Like growth factor, and transforming growth fac- 
tor) and cytokines that result in the smooth muscle cell proliferation and migration. T-ceNs and macrophages also 
migrate into the neointima. [HaudenschiU, C, Lab. Invest 41: 407 (1979); Clowes, A., Circ. Res. 56: 139 (1985); 
Clowes, A, J, Cardiovas. Pharm. 14 (Suppl. 6): S12 (1989); Manderson, J., Arteria 9: 289 (1989); Forrester, J., J. Am. 
Coll. Cardiol. 17: 758 (1991)]. This cascade of events is not limited to arterial injury, but also occurs following injury to 

20 veins and arterioles. 

[0002] Vascular injury causing intimal thickening can be broadly categorized as being either biologically or mechan- 
ically induced. Artherosclerosis is one of the most commonly occurring forms of biologically mecfiated vascular injury 
leading to stenosis. The migration and proliferation of vascular smooth muscle plays a crucial role in the pathogenies 
of artherosclerosis. Aterosclerotic lesions include massive accumulation of lipid laden loam cells" derived from 

25 nfKxwcyte/maaophage and smooth musde cells. Formation of "foam cell" regions is associated with a breech of 
endothelial integrity and basal lamina destruction. Triggered by these events, restenosis is produced by a rapid and 
selective proliferation of vascular smooth muscle cells with increased new basal lamina (extracellular matrix) formation 
and results in eventual blocking of arterial pathways. [Davies, P.F., Artherosclerosis Lab. Invest. 55: 5 (1986)]. 
[0003] Mechanical injuries leading to intimal thickening result following balloon angioplasty, vascular surgery, trans- 

30 plantation surgery, and other similar invasive processes that disrupt vascular integrity. Intimal thickening following bal- 
loon catheter injury has been studied in animals as a model for arterial restenosis that occurs in human patients 
following balloon angioplasty. Clowes, Ferns, Reidy and others have shown that deendothelilization with an intraarterial 
catheter that dilates an artery injures the innermost layers of medial smooth musde and may even kill some of the 
innermost cells. [Schwartz, S.M., Human Pathology 18: 240 (1987); Fingerle, J., Ateriosclerosis 10: 1082 (1990)] Injury 

35 is followed by a proliferation of the medial smooth muscle cells, after which many of them migrate into the irrtima through 
fenestrae in the internal elastic lamina and proliferate to form a neointima! lesion. 

[QOMl _ Vascular stenosis can be detected and evaluated using angiographic or sonographic imaging techniques 

[Evans, RG.JAMA2<^2^ percutaneous transluminal coronary angioplasty (balloon- 

catheterization). Within a few months following angioplasty, however, the blood flow is reduced in approximately 30-40 

40 percent of these patients as a result of restenosis caused by a response to mechanical vascular injury suffered during 
the angioplasty procedure, as described above. [Pepine, C, Circulation 81 : 1753 (1990); Hardoff, R., J. Am. Coll. Car- 
diol. 15 1486 (1990)]. 

[0005] In an attempt to prevent restenosis or reduce intimal smooth muscle cell proliferation following angioplasty, 
numerous pharmaceutical agents have been employed clinically, concurrent with or following angioplasty. Most phar- 

45 maceuticaJ agents employed in an attempt to present or reduce the extent of restenosis have been unsuccessful. The 
following list identifies several of the agents for which favorable clinical results have been reported: lovastatin [Sahni, R., 
Circulation 80 (Suppl:) 65 (1989); Geltman, J., J. Am. Cdl. Cardiol. 17: 251 (1991)]; thromboxane Piq synthetase inhib- 
itors such as DP- 1904 [Yabe; Y, Circulation 80 (SuppL) 260 ( 1989)]; eicosapenlanoicacid [Nye. E., Aust N.Z. J. Med. 
20: 549 (1990)]; ciprostene (a prostacyclin analog) [Demke, D., Brit J. Haematol 76 (Suppl.): 20 (1990); Darius, H.. Eur. 

so Heart J. 12 (Suppl.): 26 (1991)]; trapidil (a platelet derived growth factor) [Okamoto, S., Circulation 82 (Suppl.): 428 
(1990)]; angiotensin converting enzyme inhibitors [Gottlieb, N., J. Am. Coll. Cardiol. 17 (Suppl. A): 181 A (1991)]; and 
low molecular weight heparin [de Vries, G, Eur. Heart J. 12 (Suppl.): 386 (1991)]. 

[0006] In an attempt to develop better agents for preventing or reducing smooth muscle proliferation and intimal 
thickening, the use of balloon catheter induced arterial injury in a variety of mammals has been developed as a stand- 
55 ard model of vascular injury that will lead to intimal thickening and eventual vascular narrowing. [Chevru, A., Surg. 
Gynecol. Obstet. 171: 443 (1990); Rshman, J., Lab. Invest 32: 339 (1975); HaudenschiW, C, Lab. Invest. 41: 407 
(1979): Clowes. A.W., Lab. Invest 49: 208 (1983); Clowes, A.W., J, Cardiovas. Pharm. 14: S12 (1989); and Ferns, GA, 
Science 253: 1129 (1991)]. Many compounds have been evaluated in this standard animal model. The immunosup- 
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pressive agent cyclosporin A has been evaluated and has produced correcting results. Jonasson reported that 
cyclosporin A caused an inhibition of the intimaJ proliferative lesion foflowing arterial balloon catheterization in vim but 
did not mniDhsmooth musda ™i piuli^cri i^Ss, IJcnacccn, L, Prec.!^ AeacL 8rL wfc so* (1 988)1. Ferns, how- 
ever reposed that when de-endoihelilized rabbits were treated with cyclosporin A, no significant reduction of intimal pro- 
5 rrferation was observed in viva Additionally, intimal accumulations of foamy macrophages, together with a number of 
vacuolated smooth musae cals In ibe .«yiu. ou^c^U^ z\z±c !rr^-^e*?e™^.. inrfi^rtinn that 
cyclosporin A may modify and enhance lesions that form at the sites of arterial injury. [Ferns, G.A., Circulation 80 
(Supp): 184 (1989); Ferns, a, Am. J. Path. 137: 403 (1990)]. 

[0007] Rapamycin, a macrocycfic triene antibiotic produced by Streptomyces hvoroscopicus [US. Patent 
w 3,929,9921 has been shown to prevent the formation of humoral (IgE-like) antibodies in response to an albumin allergic 
challenge [Martel. R., Can. J. Physiol. Pharm. 55: 48 (1977)], inhibit murine T-cell activation [Staruch, M., FASEB 3: 
3411 (1989)], prolong survival time of organ grafts in histoincompatWe rodents [Morris, R., Med. Sci. Res. 17: 877 
(1989)], and inhibit transplantation rejection in mammals [Calne, R., European Patent Application 401,747]. Rapamycin 
blocks calcium-dependent, calcium-independent. cytoWne-independent and constitutive T and B cell division at the Gi- 
ts S interface. Rapamycin inhibits gamma-interferon production induced by 11-1 and also inhibits the gamma-interferon 
induced expression of membrane antigen. [Morns, R.E., Transplantation Rev. 6: 39 (1992)]. 

DESCRIPTION OF THE INVENTION 

20 [0008] This invention relates to the use of rapamycin in the manufacture of a medicament for use in preventing or 
treating hyperproliferative vascular disease in a mammal in which the hyperproliferative disease is caused by a 
mechanically mediated vascular injury. The administration may be by one or more of the following routes: orally, 
parenteral!* intravascular ly, intranasal!* intrabronchially, transdermal!* rectally. or via a vascular stent impregnated 
with rapamycin. 

25 [0009] As such, rapamycin is useful in preventing or treating intimal smooth muscle cell hyperplasia, restenosis, 
and vascular occlusion in a mammal, particularly following mechanically mecfiated vascular injury. Mechanically medi- 
ated vascular injury includes, but is not limited to vascular injury caused by catheterization procedures or vascular 
scraping procedures such as percutaneous transluminal coronary angioplasty; vascular surgery; transplantation sur- 
gery; laser treatment; and other invasive procedures which disrupt the integrity of the vascular irttima or endothelium. 

30 [001 0] Preventing includes the prophylactic prevention of hyperproliferative vascular disease in which the hyperpro- 
liferative disease is caused or is to be caused by a mechanically mediated vascular injury in a susceptible mammal and 
treating includes arresting the development and retarding the progression of hyperproliferative vascular disease in 
which the hyperproliferative disease is caused or is to be caused by a mechanically mediated vascular injury in a sus- 
ceptible mammal. 

35 [001 1 J This invention also provides a method of using a combination of rapamycin and mycophenolic acid for the 
same utilities described above. Mycophenolic acid, an antiproliferative antimetabolite, inhbits inosine monophosphate 

_ deh ydrogenase and guanosine monophosphate synthetase, enzymes in the de novo purine biosynthetic pathway. This 
results Fan inhfofton of DNA sj^^^which caus^'an accumulati 

tions containing rapamycin that are useful for preventing or treating hyperproliferative vascular disease will be apparent 
40 to one skilled in the art. These include, but are not limited to, using rapamycin in combination with other antiproliferative 
antimetabolites. 

[0012] Accordingly this invention provides a product containing rapamycin ami an antiproliferative antimetabolite 
such as mycophenolic acid as a combined preparation for simultaneous, separate or sequential use in preventing or 
treating hyperproliferative vascular disease. In a further respect this invention provides a pharmaceutical composition 
45 comprising rapamycin, an antiproliferative antimetabolite such as mycophenolic acid and a pharmaceutical^ .accepta- 
ble carrier. 

[001 3] The effect of rapamycin on hyperproliferative vascular disease was established in an in vitro and an in vjYQ 
standard pharmacological test procedure that emulates the hyperproliferative effects observed in mammals that are 
undergomg intimal smooth muscle proliferation and are therefore developing restenosis. Cycloporin A was also evalu- 

so ated in these test procedures for the purpose of comparison. The combination of rapamycin and mycophenolic add was 
evaluated in the in vivo test procedure. The procedures and the results obtained are described below 
[0014] Rapamycin and cyclosporin A were evaluated in an in vitro standard pharmacological test procedure which 
emulates the intimal smooth muscle cell proliferation observed following vascular injury. Results were obtained by 
measuring DNA and protein synthesis in rat smooth muscle cells that have been stimulated with a growth factor such 

55 as fetal caK serum or a hypertrophic mitogen, such as angiotensin II, The following briefly describes the procedure that 
was used. Rat smooth muscle cells were maintained in a 1 :1 mixture of defined Eagle's medium (DEM) and Ham's F1 2 
medium with 10% fetal calf serum, penicillin (100 U/mL), streptomycin (100 mg/mL) and 25 ml Hepes at pH 7.4. Cells 
were incubated at 37°C in a humidified atmosphere of 5% C0 2 with media changes every 2-3 days. Each compound 
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tested was diluted with an appropriate vehicle to obtain a 1 mM stock solution. Ethanol was used as the vehicle for 
rapamycin and 20% tween 80 in ethanol was the vehicle for cyclosporin A. Test concentrations of drug were obtained 
by uiiuiiny appropriate cor.ccntraticnG cf stock ■ccL'Ssrr with serum free media. TTve mtxth miisda cell culture was 
maintained in a defined serum free media containing 1 :1 DEM and Ham's F12 medium, insulin (5x 1 0* 7 M), transferrin 

5 (5 fig/mL), and ascorbate (0.2 mM) for 72 hours before testing in a mufti-well plate. After the 72 hour period, an appro- 
priate quafu'iyur»iuA ooluuwn cc^rJr.g ™™ r^-,~ c: cyclccpcrfr A wit ~*!ec! *?e vrsr** ™ **** ™i\ cul- 
ture and media mixture. After a 24 hours the appropriate growth . factor was added. For the measurement of DNA 
synthesis, 3 H-thymidine was added at 1 2 hours after the growth factor was added, and the cells were harvested at 36 
hours. For the measurement of protein synthesis, 3 H-leucine was added at 14 hours after the growth factor was added, 

w and the cells were harvested at 1 8 hours. The amount of incorporated radioactive label was measured on a scintillation 
counter. 

[0015] The following table shows the results obtained for rapamycin on DNA and protein synthesis in smooth mus- 
cle cells that were stimulated with 10% fetal calf serum, as measured by incorporation of treated thymidine or leucine 
into smooth muscle cells. The amount of vitiated label incorporated by the smooth muscle cells that were treated with 
15 mecfia only was normalized to 1 00%, and the results for cells treated with fetal calf serum or fetal calf serum plus the 
test compound are expressed as a percent comparison with the cells treated with mecfia only. 



20 


EFFECT OF RAPAMYCIN ON DNA AND PROTEIN SYNTHESIS IN 
SMOOTH CELLS STIMULATED WITH FETAL CALF SERUM* 






3 H-Thym»dine Incorpora- 
tion (% of Media) 


3 H-Leucine Incorpora- 
tion (% of Media) 


25 


Mecfia 


100% 


100% 




FCS 


495% 


174% 




1000 nM RAP + FCS 


138% 


95% 


30 


100 nM RAP + FCS 


172% 


91% 


10 nM RAP + FCS 


204% 


74% 




1nMRAP + FCS 


403% 


106% 



" Abbreviations: RAP = rapamycin; Media = defined serum free media; and FCS 
= 10% fetal call serum. 



[0016] The following table shows the results obtained for rapamycin on protein synthesis in smooth muscle cells 

trMvmsiraiaeaw 

cells. The amount of tritiated label incorporated by the smooth muscle cells that were treated with media only were nor- 
40 malized to 1 00%, and the results for cells treated with angiotensin or angiotensin plus the test compound are expressed 
as a percent comparison with the cells treated with media only. 
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EFFECT OF RAPAMYCIN ON PROTEIN SYN- 
THESIS IN SMOOTH CELLS STIMULATED WITH 


Mi^fUTciVoiiv I!* 




3 H-Leucine Incorpora- 
tion {% of Media) 


Media 


100% 


ANG 


159% 


1000 nM RAP + ANG 


53% 


100 nM RAP + ANG 


57% 


10 nM RAP + ANG 


61% 


1nM RAP + ANG 


60% 



* Abbreviations: RAP = rapamycin; Media = defined 
serum free mecfia; and ANG = 10" 6 nM angiotensin 
II. 



[001 7] The results of the standard in vitro test procedure showed that rapamycin had a pronounced antiproliferative 
effect in the presence of FCSand an anti-hypertrophic effect in the presence of angiotensin II. Following vascular injury. 
DNA and protein synthesis of smooth muscle cells are necessary for the development of restenosis to occur. These 
results showed that rapamycin inhibited both DNA and protein synthesis in stimulated smooth muscle cells An antipro- 
liferative effect was also observed with cyclosporin A; however, at 1000 nM, cyclosproin A was cytotoxic and not merely 
cytostatic. At 1000 nM, cyclosporin A caused lysis of the smooth muscle cells as evidenced by the presence of lactic 
acid dehydrogenase in the supematent of the cell culture. Similar toxicity to smooth muscle cells was not observed for 
rapamycin. 

[0018] Rapamycin, rapamycin plus mycophenolic acid, and cyclosporin A were evaluated in an in vivo standard 
pharmacological test procedure that emulates the vascular injury suffered and restenosis that develops following per- 
cutaneous transluminal coronary angioplasty in humans. The ability of a test compound to inhibit restenosis was deter- 
mined by comparing intimal thickening in mammals treated with test compound following balloon catheterization versus 
intimal thickening in untreated control mammals after the same test procedura [Chevru, A, Surg. Gynecol. Obstet 1 71 : 
443 (1990); Fishman, J., Lab. Invest. 32: 339 (1975); Haudenschild, G, Lab. Invest 41 : 407 (1979); Clowes, A.W., Lab. 
Invest. 49: 208 (1983); Clowes, A.W., J. Cardiovas. Pharm. 14: S12 (1989); and Ferns. GA. Science 253: 1129 
~(1991)]:Wfolldwrig briefly describes the procedure ^ 

rats were injured with an inflated 2Fr balloon catheter. During a 14 day postoperative period, these rats were cfivided 
into groups and treated daily with rapamycin (1 .5 rng/kg; i-p.), rapamycin plus mycophenolic acid (1 .5 mg/kg; i.p. + 40 
mg/kg; p.a) ( or cyclosporin A (3 mg/kg; i.p.). Additionally, one group each also received rapamycin (6 mg/kg/day; i.p.) 
or cyclosporin A (40 mg/kg/day; i.p.) for two days postoperatively, and then received no treatment for the next 1 2 days. 
An untreated group was used an injured control to establish the amount of intimal growth in the absence of treatment. 
The right carotid was used as an uninjured control in all groups. After the 1 4-day period, the rats were sacrificed, the 
carotids removed. The mean areas of the irrtima and blood vessel wall were measured by morphometry. Results are 
expressed as an irrtima percent which can be expressed according to the following formula: 

areaofintima » 1Q0 
area of vessel 



[001 9] The fotowing table shows the results that were obtained. 
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EFFECT OF RAPAMYCIN ON INTIMAL THICKEN- 
ING IN INJURED CAROTID ARTERIES* 


Test Group 


Inti ma Percent ±S.E. 


Uninjured Control 


0.00 ±0.00 


Untreated Injured Control 


33.3 ±19.66 


RAP (l.5mg/kg- 14days) 


6.78 ±4.69 


RAP (6 mg/kg - 2 days) 


16.56 ±6.22 


RAP + MPA(14days) 


1.6 ±3.5 


CsA(3mg/kg-14days) 


26.46 ±27.42 


CsA{40mg/kg-2days) 


31.14 ±20.66 



* Abbreviations RAP = rapamycin; MPA « mycophe- 
nolic acid; and CsA » cyclosporin A. 

20 

[0020] These results show that treatment with rapamycin (1 .5 mg/kg for 14 days) resulted in an 80% decrease in 
the mean percentage intimal thickening compared with the untreated injured control groupL Similarly, treatment with the 
combination of rapamycin and mycophenolic add produced almost a complete inhibition of intimal thickening (95% 
25 reduction in intimal thickening compared with untreated injured control). Cyclosporin A failed to produce any meaningful 
reduction in intimal thickening. 

[0021 ] The results of the in vitro and in vivo standard test procedures demonstrate that rapamycin and rapamycin 
in combination with mycophenolic acid are useful in preventing or treating hyperproliferative vascular disease. Specifi- 
cally, rapamycin is useful in preventing or treating intimal smooth muscle cell hyperplasia, restenosis, and vascular 
ao occlusion in a mammal, particularly following either biologically or mechanically mediated vascular injury, or under con- 
ditions that would predispose a mammal to suffering such a vascular injury. 

[0022] Rapamycin was also evaluated in a modification of the in vivo test procedure described above. In the modi- 
fied test procedure, treatment with rapamycin was stopped on day 1 4, as above, but the animals were not sacrificed 
immediately. Intimal thickening was observed when the animals were sacrificed 1 . 2, or 4 weeks after treatment had 
35 been stopped. Microscopic analysis showed that endothelium regeneration had not occurred during the two week treat- 
ment period Following cessation of treatment with rapamycin intima! proliferation, that was previously suppressed, was 
able to occur. These results are consistent with the results shown in tine table above, in which treatment for 2 days with 
r^mprTfollowed by 12 days of no treatment-inhibited to 

rapamycin for 14 days. These results are expected, as in the absence on an integral endothelial layer, the intimal 
40 smooth muscle cells will proliferate. It has been shown that intimal smooth musde cell growth does not have an inhibi- 
tory effect on normal endothelial regeneration, and that intimal smooth muscle cell proliferation ceases when the 
endothelial layer is established. [Reidy. M., Lab. invest 59: 36 (1988); Chevru, A., Surg. Gynecol. Obstet 171: 443 
(1990); Rshman, J., Lab. Invest 32: 339 (1975); HaudenschikJ, C., Lab. Invest 41 : 407 (1979)]. As such, treatment with 
rapamycin or rapamycin in combination with mycophenolic acid should be employed until endothelial healing has 
45 occurred. 

[0023] When rapamycin is employed alone or in combination with mycophenolic acid in the prevention or treatment 
of hyperproliferative vascular disease, it can be formulated neat or with a pharmaceutical carrier to a mammal in need 
thereof. The pharmaceutical carrier may be solid or liquid. 

[0024] A solid carrier can include one or more substances which may also act as flavoring agents, lubricants, sdu- 
so bDizers, suspending agents, fillers, glidants, compression aids, binders or tablet-disintegrating agents; it can also be an 
encapsulating material. In powders, the carrier is a finely divided solid which is in admixture with the finely cfivided active 
ingredient In tablets, the active ingredient is mixed with a carrier having the necessary compression properties in suit- 
able proportions and compacted in the shape and size desired. The powders and tablets preferably contain up to 99% 
ofth active ingredient Suitable solid carriers include, for example, caldum phosphate, magnesium stearat , talc, sug- 
55 ars, lactose, dexyin, starch, gelatin, cellulose, methyl cellulose, sodium carboxymethyi cellulose, polyvinylpyrroRdine, 
low melting waxes and ion exchange resins. 

[0025] Liquid earners are used in preparing solutions, suspensions, emulsions, syrups, elixirs and pressurized 
compositions. The active ingredient can be dissolved or suspended in a pharmaceutical acceptable liquid carrier such 
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as water, an organic solvent a mixture of both or pharmaceutical^ acceptable oils or fats. The Bquid carrier can contain 
other suitable pharmaceutical additives such as solubifizers, emulsifiers, buff rs. preservatives, sweeteners, flavoring 
agents, 3uGpcr«d;r:g agcrie, thicker:!.™ agents, colors, viscosity relator?*; RtahHizers ce osmo-regulators. Suitable 
examples of liquid carriers for oral and parenteral administration include water (partially containing additives as above, 
e.g. ceSulose derivatives, preferably sodium carboxymethyl cellulose solution), alcohols (including monohydric alcohols 
aiiu ^iTyuiii »cc^o£, ^.g. g!ycc£) zr£ thcfr dc-r^th-cc, cih: (e.£ frection^ c?co™ rf «u^r^ a «^hic «n For 
parenteral administration, the carrier can also be an oily ester such as ethyl oleate and isopropyl myristate. Sterile liquid 
carriers are useful in sterile liquid form compositions for parenteral administration. The liquid earner for pressurized 
compositions can be halogenated hydrocarbon or other pharmaceutical^ acceptable propellent 
[0026] Liquid pharmaceutical compositions which are sterile solutions or suspensions can be utilized by, for exam- 
ple, intramuscular, intraperitoneal or subcutaneous injection. Sterile solutions can also be administered intravenously. 
The compound can also be administered orally either in liquid or solid composition form. 
[0027] Rapamydn, alone or in combination with mycophenolic acid, may be administered rectally in the form of a 
conventional suppository. For administration by intranasal or intrabronchial inhalation or insufflation, the compounds of 
this invention may be formulated into an aqueous or partially aqueous solution, which can then be utilized in the form 
of an aerosol. Rapamydn, alone or in combination with mycophenolic acid, may also be administered transdermal^ 
through the use of a transdermal patch containing the active compound and a carrier that is inert to the active com- 
pound, is non toxic to the skin, and allows delivery of the agent for systemic absorption into the blood stream via the 
skin. The carrier may take any number of forms such as creams and ointments, pastes, gels, and occlusive devices. 
The creams and ointments may be viscous liquid or semisolid emulsions of either the oil-in-water or waters-oil type. 
Pastes comprised of absorptive powders dispersed in petroleum or hydrophilic petroleum containing the active ingredi- 
ent may also be suitable. A variety of occlusive devices may be used to release the active ingredient into the blood 
stream such as a semipermiable membrane covering a reservoir containing the active ingredient with or without a car- 
rier, or a matrix containing the active ingredient Other occlusive devices are known in the fiterature. 
[0028] Rapamydn, alone or in combination with mycophenolic acid can be administered intravascular^ or via a 
vascular stent impregnated with rapamydn, alone or in combination with mycophenolic acid, during balloon catheteri- 
zation to provide localized effects immediately following injury. 

[0029] Rapamydn, alone or in combination with mycophenolic acid, may be administered topically as a solution, 
cream, or lotion by formulation with pharmaceutical^ acceptable vehides containing 0.1 - 5 percent preferably 2%, of 
active compound. 

[0030] The dosage requirements vary with the particular compositions employed, the route of administration, the 
severity of the symptoms presented and the particular subj ect being treated. Based on the results obtained in the stand- 
ard pharmacological test procedures, projected daily intravenous dosages of rapamydn, when administered as the sole 
active compound, would be 0.001 - 25 mg/kg, preferably between 0.005 - 5 mg/kg, and more preferably between 0.01 
- 0.5 mg/kg. Projected daily oral dosages of rapamydn, when administered as the sole active compound or in combi- 
nation with mycophenolic acid, would be 0.005 ~ 50. mg/kg, preferably between 0.01 - 25 mg/kg, and more preferably 
between 0.05 - 10 mg/kg. Projected daily intravenous dosages of mycophenolic acid, when used in combination with 
~rapamydn;wouM^ 

nolic acid, when used in combination with rapamydn, would be 1 - 75 mg/kg and preferrably between 10-50 mg/kg. 
[0031] Treatment will generally be initiated with small dosages less than the optimum dose of the compound. 
Thereafter the dosage is increased until the optimum effect under the drcumstances is reached; precise dosages for 
oral, parenteral, intravascular, intranasal, intrabronchial, transdermal, or rectal administration will be determined by the 
administering physician based on experience with the individual subject treated. In general, rapamydn is most desirably 
administered at a concentration that will generally afford effective results without causing any harmful or deleterious 
side effects, and can be administered either as a single unit dose, or if desired, the dosage may be tfvkJed into, conven- 
ient subunits administered at suitable times throughout the day. 



Claims 



1 . Use of rapamydn in the manufacture of a medicament for use in preventing or treating hyperproliferative vascular 
disease in a mammal in which the hyperprolrferative disease is caused or is to be caused by a mechanically medi- 
ated vascular injury. 

2. Use as claimed in daim 1 in which the medicament is adapted for administration orally, parenteral^, intravascular^, 
irrtranasaily, intrabronchially, transdermal^, rectally, or via a vascular stent impregnated with rapamydn. 

3. Use as daimed in daim 1 or daim 2 in which the medcament comprises mycophenolic acid for simultaneous, sep- 
arate or sequential administration. 
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4. A use accoiding to any one of claims 1 to 3 wherein the hyperprdiferative vascular disease is selected from intimal 
smooth muscle cell hyperplasia, restenosis and vascular occlusion. 

5. A use according to any one of claims 1 to 3 wherein the hyperprdiferative vascular disease is restenosis. 

6. A use according to any one or claims i xo o wnerari uic lapduiywii » »u ^ av.. • «. m*** w. . 
subsequent to said mammal undergoing a percutaneous transluminal coronary angioplasty procedure. 

7. A use according to claim 4 wherein the mechanically mediated vascular injury is selected from vascular catheriza- 
tion, vascular scraping, percutaneous.transluminal coronary angioplasty, vascular surgery and laser treatment 

a Product containing rapamycin and mycophenolic acid as a combined preparation for simultaneous, separate or 
sequential use in preventing or treating hyperproliferative vascular disease. 

9. A product according to claim 8 wherein the hyperproliferative vascular disease is selected from intimal smooth 
muscle cell hyperplasia, restenosis and vascular occlusion. 

1 0. A product according to claim 8 or claim 9 wherein the hyperproliferative vascular disease is restenosis. 

1 1 . A product according to daim 9 in which the hyperprdiferative vascular disease is caused or is to be caused by a 
mechanically mediated vascular injury selected from vascular catherization, vascular scraping, percutaneous 
transluminal coronary angioplasty, vascular surgery and laser treatment 

12. A pharmaceutical composition comprising rapamycin, mycophenolic acid and a pharmaceutical^ acceptable car- 
rier. 

PatentansprOche 

1. Verwendung von Rapamycin bei der Herstellung eines Medikaments zur Verwendung zur Verhtnderung Oder 
Behandung einer hyperproliferativen GefaBkrankheit bei einem Sauger, wbbei die hyperproliferative Krankheit 
durch eine mechanisch vermittelte GefaBverletzung verursacht ist Oder verursacht werden Kann. 

2. Verwendung nach Anspruch 1 , wobei das Medikament zur Verabreichung auf oralem, parenteralem, intravaskuia- 
rem, intranasalem, intrabronchialem, transdermalem, rektalem Weg Oder Qber einen mit Rapamycin getr&ikten 
GefSBspanner ("vascular stent") angepasst ist 

3. Verwendung nach Anspruch 1 oder 2, wobei das Medikament Mycophenolsaure zur gleichzeitigen, separaten Oder 
~sequeraetl^ 

4. Verwendung nach einem der AnsprOche 1 bis 3, wobei die hyperproliferative GefaBkrankheit ausgewahlt ist aus 
Hyperplasie der glatten Muskelzellen der Intima, Restenose und GefaBverschluss. 

5. Verwendung nach einem der AnsprOche 1 bis 3, wobei de hyperproliferative GefaBkrankheit Restenose ist. 

6. Verwendung nach einem der AnsprOche 1 bis 3, wobei das Rapamycin gletchzertig mit einem undtader nachfol- 
gend auf einen perkutanen, translumenalen Kbronarangioplastie-Vorgang, dem der Sauger unterzogen wird, ver- 
abreicht wind. 

7. Verwendung nach Anspruch 4, wobei die mechantsch vermittelte GefaBverletzung ausgewahlt ist aus GefaBkathe- 
terisierung, GefaBabschabung, perkutanertranslumenaler Kbronarangioplastie, GefaBchirurgieund Laserbehand- 
lung. 

8. Produkt, welches Rapamycin und Mycophenolsaure als kombiniertes Praparat enthait, zur gleichzeitigen, separa- 
ten Oder sequenziellen Verwendung zur Verhinderung oder Behandlung einer hyperproliferativen GefaBkrankheit. 

9. Produkt nach Anspruch 8, wobei die hyperprdiferative GefaBkrankheit ausgewahlt ist aus Hyperplasie der glatten 
Muskelzellen der Intima, Restenose und GefaBverschluss. 
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10. Produkt nach Anspruch 8 Oder 9, wobei die hyperprol'rferative GefaSkrankheit Restenose ist 

11. Produkt nach Anspruch 9, wobei cfienyperpr^ Geia6kran™6ildurch git.g rrccharr.ceh vsrrrittelte Gef*$- 
verletzung ausgewahlt aus GefaBkatheterisierung, GefaBabschabung, perkutener translumenaler Koronararrgio- 

5 elastic, GefaBchrirugie und Laserbehandlung bewirkl ist Oder bewirkt werden kann. 

12. Pharmazeutische Zusammensetzung, welche Rapamycin, Mycophenolsaure und einen pharmazeutisch akzepta- 
Wen Trager umfasst 

10 Revendications 

1 . Utilisation de la rapamycine dans la fabrication d'un medicament pour I'utilisation dans la prevention ou le traite- 
ment de la maladie vasculaire proliferative chez un mammitere dans laquelle la maladie vasculaire proliferative est 
provoquee ou doit etre provoquee par une lesion vasculaire d'origine mecanique. 

15 

2. Utilisation selon la revendication 1 dans laquelle le medicament est adapts pour i'administration orale, parenteral, 
intravasculaire, intranasals intrabronchique, transderrrtque, rectal e ou via un extenseur vasculaire impr£gn6 avec 
la rapamycine. 

20 3. Utilisation selon la revendication 1 ou la revendication 2 dans laquelle le medicament comprend I'adde mycophe- 
nolique pour I'administration simultanee, s6paree ou sequentielte. 

4. Utilisation selon I'une quelconque des revendications 1 a 3 dans laquelle la maladie vasculaire proliferative est 
choisie parmi Fhyperplasie des cellules du muscle lisse de llntima, la restenose et I'occlusion vasculaire. 

2S 

5. Utilisation selon I'une quelconque des revendications 1 a 3 dans laquelle la maladie vasculaire proliferative est la 
restenose. 

6. Utilisation selon lime quelconque des revendications 1 a 3 dans laquelle la rapamycine doit §tre administree de 
30 manifcre concurrente a etfou subsequente audit mammifere subissant une procedure d'angioplastie coronaire 

transluminale percutanee. 

7. Utilisation selon la revendication 4 dans laquelle la lesion vasculaire d'origine m6canique est choisie parmi la 
cath6t6risation vasculaire, le raclage vasculaire, I'angiopiastie coronaire transluminale percutanee, la chirurgie 

as vasculaire et le traiiement au laser. 

_ 8. Produit oontenant la rapamy cine et Tacide mycophenolique oomme preparation combin6e pour I'utflisation simulta- 
n6e, separee ou sequerlelle~d^ — 

40 9. Produit selon la revendication 8 dans lequel la maladie vasculaire proliferative est choisie parmi Itryperplasie des 
cellules du muscle lisse de I'intima, la restenose et I'occlusion vasculaire. 

10. Produit selon la revendication 8 ou la revendication 9 dans lequel la maladie vasculaire proliferative est la reste- 
nose. 

45 

11. Produit selon la revendication 9 dans lequel la maladie vasculaire proliferative est provoquee ou doit §tre provo- 
qu6e par une lesion vasculaire d'origine m6canique choisie parmi la catheterisation vasculaire, le raclage vascu- 
laire, I'angiopiastie coronaire transluminale percutanee, la chirurgie vasculaire et le traitement au laser. 

so 1 2. Composition pharmaceut'que comprenarrt de la rapamycine, de I'acide mycophenolique et un support pharmaceu- 
tiquement acceptable. 
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